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Most applications of information theory to psychology have been concerned with tasks which require information to be conserved between input and output. In the standard reaction-time task the 5" is supposed to effect an energy and location change, but must preserve all the information in the input for errorless performance (Bricker, 19SSa) . Verbal-learning experiments add to these requirements the necessity for 5" to serve as a hold circuit and thus delay the response a specified period of time. In studies of the limits of discriminability S is required to preserve in so far as possible all 1 A portion of this paper is based upon a dissertation submitted to the University of Michigan in partial fulfillment of the requirement of the PhD degree and supported by the Air Force Office of Scientific Research under Contract No. AF 49 (638)-449. The present version was made possible by a grant from the University of Wisconsin Research Committee from funds supplied by the Wisconsin Alumni Research Foundation. The author wishes to thank P. M. Fitts and R. W. Pew for assistance in the presentation of these ideas. stimulus differences in his judgment, the failure to do so is recorded as an error (Miller, 1956) . In each of these tasks any change in the informational content during message transmission is clearly error. As useful as these applications have been it is increasingly apparent that this is not the sole nor even the typical information-processing situation for the human. Thus, Bruner (1957) suggests that "the most characteristic thing about mental life is that one constantly goes beyond the information given [p. 41] ." With the reverse emphasis, Gerard (1960) suggests that "the real skill of the talented thinker is in discarding irrelevancies. What is omitted in perception, memory and reasoning is of the highest moment [p. 1939] ." Attneave (1962) has been somewhat more explicit-"most of the information that goes into the individual never comes out again. The information that is lost is not necessarily wasted, however. The situation is somewhat like that of an executive who considers a mountain of data . . . in order to ar- rive at a one bit decision [p. 634] ." It is with these omissions, condensations, and reductions that this paper will be concerned. It is first useful to outline a general taxonomy of informationprocessing tasks within which the development of empirical relations can proceed. Figure 1 illustrates a general taxonomy for information-processing tasks which includes not only the commonly studied information-conserving tasks but also information reduction and information creation. This classification considers only the input and output information required for perfect performance. A conservation task such as the standard choice reaction time situation, for example, requires 6" to preserve all the stimulus information for perfect performance. In actual practice he may reduce information in this task by stimulus equivocation, but such a reduction is clearly an error as indicated in Figure 1 . In a reduction task, however, 5 is required to map more than one stimulus point into a single response. The loss of information in this situation is not error, but is required by the nature of the task. For example, the sum of a set of numbers has less information than its components, yet in losing this information, 5" has clearly not made an error, but rather has accomplished his task. In the final logical category, the creation task, >9 is required to map a single stimulus point into more than one response. Multiple association is of this character, but the empirical analysis of this type of processing is beyond the scope of this paper. Both the reduction and the creation model seem to capture something of the cognitive aspects of human activity.
TAXONOMY OF TASKS

Previous Classifications
The necessity for a taxonomy of this sort has become increasingly apparent in the last few years. Studies which place emphasis on many to one (Morin, Forrin, & Archer, 1961) or one to many (Morin & Forrin, 1963) mappings of stimuli into responses have revealed limitations to the generalization so useful in conservation tasks, that task difficulty increases with information transmitted (Bricker, 19S5a) . Campbell (1958) noted that Ss tend to show systematic errors in information transmission which may make important additions to the message or which may reduce information through classification. Garner (1962) , in his discussion of concept-formation tasks, points out that since these require stimulus equivocation the normal relation between total and internal constraint which exists for conservation tasks is changed. Toda (1963) in reviewing Garner's book recognizes the basic nature of this distinction for task analysis and calls the conservation tasks "normal." Hunt (1962) proposes that learning tasks can be divided into those which require complete information transmission (rote learning), information reduction (concept learning), and information production (probabilistic learning). This type of classification system captures something of Bartlett's (1959) verbal distinction between "closed-system thinking" in which the solution is implicit in the problem and "open-system thinking" in which S uses the available evidence to leap beyond the input and provide a creative solution. It has a lesser analogy with the classical division of the thought processes into productive and reproductive (Wertheimer, 1959) .
Laws of Information Reduction
A classification system is of little value unless it can be shown that tasks falling within a category obey the same general laws. The study of information-conservation tasks has been useful mainly because performance has been shown to have systematic relations to information transmitted. While these relations are by no means perfect, for example memory tasks show relatively little effect of information per symbol (Miller, 1956) , they have provided important basic generalizations from which more specific models have been formulated (Fitts, Peterson, & Wolpe, 1963; Sperling, 1963) . This paper proposes that for information reduction tasks difficulty is directly related to the difference between stimulus and response information. The author has chosen to call this difference the information reduced. If stimulus uncertainty is held constant this quantity is the inverse of information transmitted, if response uncertainty is held constant and stimulus uncertainty varied it is, of course, independent of information transmitted. The information reduced is equivalent to amount of stimulus equivocation in conservation tasks, but a distinction is made between equivocation introduced by 5s' errors and reduction of information required by the nature of the task.
This simple statement of the relation between information reduction and performance allows a variety of experimental situations to be seen as related through the requirement for 5s to operate on input information to produce a condensed response. Within a restricted task configuration it allows quantitative predictions which will be evaluated in this paper and which should serve to generate new experiments. It is, of course, true that this simple statement does not exhaust our ability to predict, any more than the relation between information transmitted and reaction time completes our knowledge of that task. Within restricted categories more specific models such as the Bourne-Restle model for concept identification may do much better. However, this view provides a basic framework within which more specific formulations can be developed.
Organisation of the Paper
This paper will examine first those information-handling tasks which involve the utilization of rules already well learned by 5. Under this general heading both tasks which allow S to ignore aspects of the stimulus (gating) and those that require all aspects of the stimulus to be represented in the response but in a condensed form (condensation) will be considered. The second major area of analysis will concern classification tasks which require the 5" to acquire or learn the use of rules. The paper examines two types of these tasks, first, those which are quite similar to rote learning except that more than one stimulus has the same response (unidimensional) and second, those that meet the full requirements of concept learning by use of multivariate stimulus materials. Within each of these subareas both rules allowing gating and those requiring condensation will be examined.
INFORMATION HANDLING
In attempting to account for compatibility effects in reaction time tasks Fitts (1959) speculated that, as the number of intervening information transformations increases, or as the number of hierarchical systems involved in the activity increases, the greater, on the average, is the time required to complete an informationhandling task and the greater is the probability of errors [p. 44].
Fitts suggests that such a speculation is not testable by direct observation. This is clearly the case for the information-conserving tasks which he was considering, since the information in the input and output are the same and the experimenter must speculate with respect to intervening transformations. In an information-reduction task, however, the stimulus and response information is different and the experimenter can use the size of transformation between input and output as a directly observable property of the task.
In 1957 Pierce and Karlin studied a task in which 5s were required either to read aloud a name or to classify it into two categories, male or female in one condition and animal or vegetable in another, by pressing a key. When there were only two names the key press was slightly faster than the verbal response. However, as the population of words increased in size the binary categorization required 40% longer than the naming response.
The information transmitted by the classification task is only 1 bit regardless of the size of the population of individual stimuli, whereas the amount of information transmitted under the information conserving conditions increased monotonically with the number of individual stimuli. The authors conclude that the classification must have taken additional processing time, but did not follow up this inversion of the general rule of increasing reaction time with information transmitted. Grossman (1953) studied card sorting under a number of conditions. One condition involved sorting the cards into two categories, red and black; a second condition required the S to sort into any of four categories, red face, black face, red non-face, black non-face; while the third condition required the 5 to sort red face and black non-face into one category and the reverse into a second category. Each of these tasks involve a loss of information since they require classification into less categories than the information available in the stimulus would allow. The mean sorting time per card for the one 5" studied was .7 second for condition one, 1.1 seconds for condition two, while condition three initially required 1.4 seconds and only after some training approached the speed of condition two. Thus whether transmission of 1 bit is faster or slower than 2 bits depends upon whether 5" is allowed to ignore the face versus non-face distinction of the cards as he is in condition one or whether he is required to process that information in making his classification as he is in condition three.
Gating
We will first look for additional results in reaction time studies which resemble condition one in the Crossman study. Gregg (1954) and Archer (1954) have studied this type of task. In both situations 5s had to classify one or more binary relevant dimen-sions, while ignoring one or more binary irrelevant dimensions. In both situations Ss knew the rules which allowed them to determine whether or not the information was relevant. Gregg (1954) found a small but significant linear increase in reaction time (RT) with the addition of from 1-3 bits of irrelevant information. The size of the increase depended, in part, on the degree of compatibility between the relevant stimulus and its response. Archer, however, found no increase in RT due to the addition of up to two irrelevant dimensions.
In this type of situation S can ignore large amounts of stimulus information with little or no penalty in RT. What penalty there is appears to be a linear function of the amount of irrelevant information. Both of these studies require 5" to ignore entire dimensions. When this is the case the way in which the dimensions are separated is probably of importance. For example, studies which present relevant information to the eye and irrelevant to the ear (Broadbent, 1958) and in which 5" knows to attend to the visual input usually show little decrement due to increased irrelevant information. Obviously this would be even more striking with the opposite coding, when 5" could merely shut his eyes as a direct physical gate. The studies of Gregg (1954) and Archer (1954) also involve ignoring entire dimensions, but these dimensions overlap spatially with the relevant ones.
Situations which allow 5s to reduce information by ignoring aspects of the stimulus will be called gating tasks. The literature indicates that those tasks which allow gating of entire dimensions show little or no increase in difficulty with increasing irrelevant information, once the gating rules are well known. Tasks which require gating within a dimension may show a more marked increase in difficulty with increasing irrelevant information (Rabbitt, 1963) though the evidence here is hardly complete. In a sense the limiting case is composed of those tasks which, like Pierce and Karlin's and Grossman's condition three, do not allow 5 to ignore any aspects of the stimulus, but require him to represent it in a reduced or condensed form. These tasks are conceptually different from the gating tasks, although they still involve information reduction and will be called condensation tasks. Bricker (1955b) presented Ss with eight stimulus patterns which had to be classified into eight, four, or two response categories. Thus he considered, in addition to the normal information conserving situation, a 1-and 2-bit reduction task. However, the particular coding in the Bricker study (Fig. 2) makes it difficult to be sure whether or not this can be considered a type of gating task. The eight stimuli could easily be receded, as suggested by the lines inserted in Figure 2 , into four perceptually distinct shapes ignoring differences in location and spacing of the elements: curved outward, curved inward, straight, and wedge, or into two shapes, curved and straight. These codes correspond exactly to the divisions which Bricker made in the response classes. If 5 can ignore detailed differences between individual patterns this task would be expected to be somewhat like three conservation situations with 1, 2, or 3 bits transmitted (Archer, 1954; Gregg, 1954) and to follow the usual linear relations between RT and information transmitted. Indeed, this is the result. It is interesting to speculate on what would have happened if all possible codes were used. One might expect that most would provide less opportunity for S 1 to ignore stimulus elements in making the classification and the results would become similar to Grossman's condition three and the Pierce and Karlin study. In addition, the Bricker study confounds amount of information reduced with changes in response uncertainty. It would be useful to separate the two effects. Posner (1962) has used a technique which allows the manipulation of amount of information reduced free from changes in response uncertainty and with systematic variation of the perceptual properties of forms within a response class, Original patterns of eight dots and distortions of these pat- terns were constructed by means of statistical rules so that a level of uncertainty between an original and its distortions could be stated. The 5 saw two patterns at a time and was required to state whether they were members of the same class or not. Prior to this procedure the 6*3 had gone through a rather lengthy learning process where they had learned to give pairs of patterns of varying levels of uncertainty the same names. The results of this learning procedure will be discussed later, but crucial here are the results of the average reaction times when two patterns were exposed which had the same name and when .T was correct. These data are shown in Figure 3 . The results show reaction time to be linearly related to the uncertainty between patterns at least up to 40 bits. The greater the uncertainty which must be smeared over or reduced in making the classification, the greater the classification time. Morin, Forrin, and Archer (1961) describe an experiment important in this analysis. The stimuli are slides with either one or two squares or one or two circles. Four conditions are crucial: conservation with two stimuli (1 bit), conservation with four stimuli (2 bit), gating in which the four stimuli are classified into circles or squares, and condensation where the response classes are two circles-one square and one circle-two squares. The initial level of difficulty as shown by RT indicates that the gating task was identical with the 1-bit conservation condition, while the condensation task was much slower than these but slightly faster than the 2-bit conservation task. Fitts and Biederman (1964) first replicated the experiment exactly and then added a new stimulus-response (S-R) code which he had found in prior testing to be more compatible. His results closely replicated the original study in the initial difficulty except that with the new S-R code the reduction task took slightly longer than the 2-bit conservation task. In the Fitts results, unlike the original study, the condensation task continues to be of equal or greater difficulty than the 2-bit conservation task over the full 2 days of training.
Condensation
The results reviewed so far indicate that a condensation task will be much more difficult in terms of processing time than the conservation task with the same information transmitted (Grossman, 1953; Morin, Forrin, & Archer, 1961; Pierce & Karlin, 1957) , and will, after training, approach about the same level of difficulty as a conservation task with the same stimulus uncertainty (Grossman, 1953; Fitts & Biederman, 1964) . Gating tasks, however (Archer, 1954; Bricker, 1955b; Grossman, 1953; Morin, Forrin, & Archer, 1961) show little or no increased difficulty over their conservation counterpart with the same information transmitted. Only in the Posner (1962) study, in which stimulus similarity is defined in terms of uncertainty, has a quantitative relationship been discussed between the amount of information reduced and reaction time for a condensation task. In that study information was varied by systematic increases in stimulus uncertainty with response uncertainty constant. Pollack (1963) has developed the basic paradigm of Pierce and Karlin (1957) into a systematic study of the relationship of amount of information reduction to speed of classification. Pollack used 24 generic word categories each having up to 24 individual instances, such as goat and pig as instances of animal. In the main conditions of the study 5"s were required to classify 48 instances into from 2 to 24 categories. When there is only a single instance per category the task is information conserving. The results of these conditions show the expected linear relation between information transmitted and classification time (Bricker, 1955a) . However, with the number of response categories fixed there is also a direct and reasonably linear relation between amount of information reduction, from 1 to 4.5 bits per category, and classification time. The slope of this function increases as the number of response categories increases. At low levels of response uncertainty the effect of going from one instance per category (conservation) to two instances (condensation) is much greater than the general straight line trend due to amount of reduction, but the reverse is true at higher levels of uncertainty. Posner (1962) has performed a study which also allows the production of quantitative relationships between amount of information reduction and performance where stimulus uncertainty is constant and response uncertainty varied. In these experiments the stimulus message was always the same, consisting of a series of eight numbers selected randomly from a population of 1 to 64 and presented aurally to S. The £ was required either to record the numbers or to operate upon them by a number of information-reducing operations. The tasks were chosen so that the output information varied from 7.7 to 48 bits and so that the components of the operations involved were familiar. The tasks included an information-conserving recording condition, a task of alternating recording with summing the digits of a number, a partial addition task in which successive pairs of numbers were added together, a 2-bit classification task where the numbers were classified into high and odd, low and odd, high and even, or low and even, and a 1-bit classification task in which high and odd or low and even was an "A" and low and odd and high and even was a "B." It was not possible to compare the tasks directly because errors were so different for each task. Therefore, the rate of change of errors in each task was measured as the interstimulus interval was reduced from 4 to 1 second. The basic notion was that the more difficult the task the greater would be the rate of decline of performance with speeding. The use of an error measure, well-learned responses, and an appropriate correction for chance levels were designed to reduce the effect of changes in response uncertainty per se.
Three separate experiments involved the following designs: (a) each S takes all tasks at one speed, (&) each 5" takes one task at one speed, (c) each 5" takes one task at two speeds. The results showed that in every experiment the rate of decline in performance increased monotonically with increasing information reduction. The overall relationship, as shown in Figure 4 , is roughly linear with some variation between experimental designs. In general, the designs which successfully controlled for sequential transfer effects between the tasks produced more linear relationships.
These results again demonstrate that condensation tasks, unlike conservation tasks, cannot usefully be thought of as increasing in difficulty with information transmitted. On the contrary, when stimulus information is held constant and .S is required to operate upon it to produce a condensed output as in this last study, difficulty declines with increasing information transmitted. If stimulus information is increased with response information constant as in the tasks measuring reaction time to patterns (Posner, 1962) or in the classification of words (Pollack, 1963) then information transmitted is fixed, but task difficulty increases. In all these cases, however, task difficulty is found to be an increasing linear function of amount of information reduced.
One problem with many of the studies cited here is that they do not adequately control the degree of learning. In all cases the operations or classifications were well known by v?s but most studies cannot show that they were equally well known or that learning effects were unimportant during the experimental conditions. It is, therefore, important to look at the effect of information-reducing tasks in a situation where the process of learning rules is observed. This will be discussed in the next section.
CLASSIFICATION LEARNING
Unidimensional Rote Learning
Rote learning, like the standard reaction time task, requires information conservation. The minimum requirement for changing a rote-learning task into one of classification learning is to have more than one stimulus per response. When the stimuli lie along a single dimension the E has minimal control over the relevant and irrelevant aspects of the stimulus, but he can control the number of stimuli to be assigned a single response and the way in which the stimuli within a response category are grouped along the dimension.
Number of Stimuli per Response. One way to vary the amount of information reduction in a classification task is to increase the number of stimuli per response. Most investigators who have attempted this have kept the number of stimuli constant and reduced the number of responses. Hake and Erikson (1955) and Bricker (1955b) studied the learning of patterns of lights when eight, four, and two response categories were used. Richardson (1958) studied the assignment of 16 adjectives to two, four, or eight response categories. In none of these studies were significant differences found in the rate of learning as a function of the number of stimuli per response, once correction had been made for differing chance levels.
There are several problems in studying the information reduction involved in unidimensional rote concepts. First, all of the studies cited confound the amount of information reduction with the number of response terms to be learned and used. Despite this, the results do indicate that an informationreduction task is more difficult to learn than the conservation task with the same information transmitted, but about the same difficulty as a conservation task with the same stimulus uncertainty. Thus, when E& look at the classification of a fixed list of stimuli into a variable number of responses little difference is found among conditions. This is in agreement with the results in many reaction-time studies (Grossman, 1953; Fitts & Biederrmn, 1964; Morin, Forrin, & Archer, 1961) . Future studies should run control groups with conservation tasks of the same response uncertainty as the reduction tasks as well as at the same stimulus uncertainty. Second, these studies allow no clear distinction between gating and condensation.
As pointed out earlier, Bricker (1955b) used classifications which allow the opportunity for recording rules which could eliminate processing of certain aspects of the stimuli. It is well known that verbal synonyms (Richardson, 1958) are also subject to such mediational rules. However, in these experiments it is not possible to tell if 6"s are using such rules or when in the learning they come into play. Finally, the most serious difficulty with these studies is that they do not take into consideration the relationship between the stimuli to be assigned a single response. That is, both the number and the way in which stimuli are grouped should effect the total information reduction involved.
Stimulus Grouping. That the number of stimuli per response can be a potent factor when there is more control over coding within a stimulus grouping is shown in a recent study (Smith, Jones, & Thomas, 1963) . This study used eight stimuli varying only along the hue dimension. There were either two, four, or eight response categories. When stimuli were assigned at random to response categories the opportunity for recoding by use of familiar color names was minimal. In this situation performance declined uniformly with increasing information reduction. This is in agreement with the general relation between information reduction and performance, even though as information reduction increased the number of responses to be learned declined. If adjacent colors were assigned the same response the task becomes one of absolute discrimination and performance increases as fewer categories are re-quired (Miller, 1956 ). This study indicates that both the total information reduction and the way information is distributed within response categories is important to predictions of task difficulty. One can vary the number of stimuli per response, but if the added stimuli are very similar or if they can be coded by a well-learned name, little or no change is made in task difficulty.
Some investigators have varied the informational properties of the task by manipulating the variability of the stimuli within a response category. Richardson (1958) , using meaningful adjectives, found that as the similarity of items within a response category increased learning greatly improved; the reverse occurred with increases in similarity between categories. Shepard and Chang (1963) , using colors previously graded in similarity by use of paired comparisons, assigned subsets of four stimuli to the same response category. They found that the more similar the subset assigned to a response category the faster the learning and that such differences in within response variability accounted for 78% of the learning variance. French (1953) systematically studied the effect of stimulus similarity within and between response categories. He varied the similarity between the six visual forms assigned to each of two categories by varying the number of line segments which were identical. In the discrimination situation only half of the set of six similar figures were in the same response category, while in the generalization situation they were all in the same response category. These results show that performance is directly related to the degree of similarity within a response category and inversely related to similarity across different categories. Posner (1964) has shown that it is possible to express the degree of similarity between patterns in terms of uncertainty. Psychophysical studies showed a linear relation between the amount of uncertainty and perceived distance for patterns of eight dots. Such patterns were used in a pairedassociate study in which 5"s had to transfer the name learned for one pattern to a new pattern at a given level of uncertainty. It was found that the degree of uncertainty between patterns was linearly related to rate of transfer (Fig. 5) .
The result of this study is crucial for three reasons. First, it shows that rate of learning is a decreasing linear function of amount of information within a response category. This is in agreement with studies of stimulus similarity cited above, as one would predict from the linear relation between uncertainty and perceived similarity, and with the results of reaction time studies cited earlier. Second, it allows future studies to combine the number of stimuli per response and uncertainty between stimuli to obtain overall relation between within category uncertainty and rate of learning. Third, it shows how studies of unidimensional classification learning can be systematically compared with multivariate concept-learning tasks which have been explored in informational terms. These relationships will be discussed further in the next section.
Multivariate Concept Learning
The studies which we have been discussing form a bridge between the investigation of rote learning and the investigation of traditional concept formation. They are similar to the concept-formation design in that a single response is made to more than one stimulus. However, they lack one attribute of most concept formation studies (Garner, 1962) namely, they are not multivariate in nature. Garner says, this multivariate requirement . . . makes it possible for the experimenter to determine a priori which variables are relevant to changes in the response and which variables are irrelevant to these changes. Then the S is given the task of determining which variables are relevant and once he has learned this fact he can respond correctly to a large group of stimuli with a single response by ignoring stimulus differences which exist with respect to the irrelevant stimulus variables [pp. 311-312]. In these types of studies it becomes possible to distinguish rather clearly between gating and condensation. Metzger (1958) studied pairedassociate learning of patterns which had either three or four distinct elements. Each element was a triangle which could be either large or small. In the three element condition he studied conservation tasks with eight and four stimuli, a gating task with four response categories (one irrelevant element) and a condensation task with random assignment of the eight stimuli to four responses. The results showed that the gating and condensation tasks were not much different from the conservation task with the same stimulus uncertainty though much more difficult than the conservation task with the same response uncertainty. This is in agreement with most of the unidimensional results and agrees with the reaction time results except with respect to the gating task. In the four element conditions it is possible to make some quantitative comparisons of the effects of increasing information reduction on rate of learning for both gating and condensation operations. This is shown in Table 1 . The conservation condition is for eight stimuli and eight responses, the 1-bit reduction point represents tasks with eight stimuli and four responses, while the 2-bit reduction point represents 16 stimuli and four responses. The results show that both types of reduction tasks are somewhat more difficult than the conservation task with identical stimulus uncertainty and that both increase in difficulty with increasing information reduction.
Gating. Information measurement has been systematically applied to the investigation of concept identification with multivariate stimuli (Archer, Bourne, & Brown, 1955; Bourne & Haygood, 1959; Walker & Bourne, 1961) . These studies are gating tasks since the 5"s have to learn to ignore certain irrelevant aspects of the stimulus and then classify all levels of relevant information into distinct categories. The results of these studies show that errors to criterion are an increasing linear function of the amount of irrelevant information which must be ignored in making the response classification. This is quite consistent with the results obtained by Metzger (1959) for paired-associate gating tasks with constant response uncertainty. These results indicate that the clear distinction between gating and condensation tasks is lost in conceptlearning studies. Both are increasing linear functions of the amount of information reduced. This is reasonable since the 5" must learn what aspects of the stimulus are relevant and as the stimuli are made more complex this increases the difficulty. Once the gating rules are learned, however, the gating tasks come to resemble conservation tasks and little effect of irrelevant information on processing time is found (Archer, 1954) .
In the concept-identification experiments cited above the number of relevant stimulus levels always equals the number of responses. Battig and Bourne (1961) have discussed this limitation as follows, "one shortcoming of the concept-identification task, and of many other procedures used in experiments purportedly concerned with concept formation, is that in a real sense they do not require concepts to be formed. This is because all of the stimuli to be classified with the same response are identical with respect to the crucial or relevant characteristics [p. 329] ."
Condensation. Battig and Bourne (1961) have attempted to remedy this defect by varying both the number of irrelevant dimensions and the variability within a response category. In order to do this they compared, for example, a situation where a single response was made to right, equilateral, and obtuse triangles and another to squares, trapezoids, and parallelograms. In this situation a very simple recoding (four sides versus three sides) could allow S to ignore some of those differences. To determine the actual extent of such recoding the stimulus patterns should be tried in a reaction time task to find out if after learning the RT would approach that for a one bit conservation task. In any case, regardless of the ability of 5" to ignore such differences, the results so far reviewed in the learning of concepts (Archer, Bourne, & Brown, 1955; Metzger, 1959) would indicate that a linear relation should exist between the amount of information reduced in forming the response class and rate of learning. Hunt (1962) analyzed the Battig and Bourne data and found that the relation between errors to criterion and information within a response category is linear.
The concept-learning study most similar to the condensation tasks discussed in section one is that of Shepard, Hovland, and Jenkins (1962) . In these experiments there were always eight stimulus patterns, consisting of two levels on each of three dimensions. There were always two response categories. The problems differed in the way in which the information relevant to the classification was distributed across the dimensions. In one problem all the information involved only one dimension, in another all information involved two dimensions simul-taneously, a third type had all three dimensions relevant, and a final type involved some of the information in one, two, and three dimensional terms. The total amount of relevant information within a response category could be calculated by weighting the proportion of information by the number of dimensions which had to be attended in order for it to be extracted. By this method the four types of problems had 1, 2, 2.3, and 3 bits of relevant information, respectively. Figure 6 shows the success of concept learning as a function of the amount of information condensed in obtaining the binary classification. The points of this figure are from Tables 4 and 6 of the original report and represent averages over different sets of a given problem type and over different display conditions. This result indicates that condensation is more important than gating when they are opposed, as in this task. There is some indication that with more extensive training than that shown in Figure 6 the 2-bit reduction tasks begin to become easier than some of the 1.3-bit tasks.
In the learning of concepts the amount of information reduced appears to be a useful summarizing variable. As well as having a consistent relation to task difficulty it also demonstrates the close relation between unidimensional and multivariate concept learning both conceptually and empirically. This measure and the taxonomy based upon type of information processing should be of significant value in an integrated attack upon complex information processing.
